Introduction
============

Dementia is a serious disease for older people, which affects cognitive functioning, behavioral functioning, mood, and physical health.[@b1-cia-11-383]--[@b3-cia-11-383] The problems increase during the course of the disease resulting in not being fully capable of self-care anymore. As a consequence, the quality of life of people with dementia may decrease, and caregiver distress increases as well as the probability of institutionalization.[@b4-cia-11-383] Since most people with dementia will continue to live at home with the help of a family caregiver as long as possible, effective community-based interventions that stabilize or delay the development of dementia-related problems are highly relevant.

Psychosocial interventions have the potential to improve the mood, behavioral and physical health problems of people with dementia.[@b5-cia-11-383]--[@b7-cia-11-383] More specific, psychosocial interventions that include a combination of intervention strategies (multicomponent intervention) addressing both the person with dementia and their caregiver (dyadic or combined interventions) are effective for both the caregiver and the person with dementia.[@b5-cia-11-383],[@b6-cia-11-383],[@b8-cia-11-383],[@b9-cia-11-383] Multicomponent dyadic interventions comprise components such as information, training for activities of daily life, walking or exercise, and environmental adaptations for the person with dementia; and information, psycho-education, skills training, and coping strategies for the caregiver. Combining intervention types for both people with dementia and their caregivers may have possible additional effects, with each intervention augmenting the effect of the other. Addressing the dyad is seen as effective because of the mutual influence between the person with dementia and the caregiver. For example, behavioral problems in people with dementia may increase the caregiver's burden; caregiver support will influence both the mood of the caregiver and the behavior of the person with dementia.[@b10-cia-11-383] The authors of a recent review studying the effects of dyadic psychosocial programs found that 19 of the 20 included programs showed significant effects on the person with dementia, the caregiver, or both.[@b9-cia-11-383] When focusing on the effects on the person with dementia, the review showed strong evidence for the outcome of mood and moderate evidence for the outcome of behavioral problems. Furthermore, the review showed that programs that target competence of the caregiver and behavioral problems and/or activity for daily life dependency of the person with dementia seem to be promising. Especially, active training for activities and communication skills improves results for both members of the dyad.

The intervention study of Teri et al combined exercises with behavioral management techniques and pleasant activities training directed at both the person with dementia and their caregiver, which showed positive effects on the mood and physical functioning of people with dementia.[@b11-cia-11-383] The effects on caregivers' health were not studied, although, performing pleasant activities and physical exercises by caregivers themselves have been found to improve caregivers' well-being in earlier research.[@b12-cia-11-383],[@b13-cia-11-383] Furthermore, earlier research showed that the mood of caregivers is related to the mood of the care receiver.[@b14-cia-11-383],[@b15-cia-11-383] In addition, since physical exercise in combination with behavioral activation and pleasant activities seems to be promising and can easily be provided at home for people with dementia, an intervention program like the one studied by Teri et al might have opportunities in other countries outside the US as well. From an efficiency point of view, it is worthwhile to translate an intervention program already developed and found to be effective in another country.[@b11-cia-11-383] After a pilot study, using a translated version of the Teri intervention, we made changes to the original intervention components and duration to adapt the intervention to the Dutch care situation.[@b11-cia-11-383],[@b16-cia-11-383]

The purpose of the present randomized controlled trial (RCT) was to investigate the effects of this multicomponent dyadic intervention (an adjusted and elaborated version of the intervention of Teri et al) on the mood, behavior, and physical health of people with dementia living at home in the Netherlands; the effects on caregivers are published elsewhere.[@b11-cia-11-383],[@b17-cia-11-383],[@b18-cia-11-383]

Methods
=======

Design
------

Trial registration: Dutch trial register: NTR1802, registration date May 6, 2009. An RCT design with three measurements (baseline, 3 months post-measurement, and 6 month follow-up measurement) was used. Informed consent was signed by both the caregiver and the person with dementia individually before the start of the study. After baseline assessment, a total of 111 dyads were randomly assigned to the intervention (n=57) or comparison group (n=54) with a minimal intervention.

The study design and a process evaluation of this RCT has been described extensively elsewhere.[@b16-cia-11-383],[@b17-cia-11-383]

Procedure
---------

An independent researcher made the random allocation schedule (in blocks of 20 dyads), using Random Allocation Software (Version 1). Dyads and coaches were aware of the treatment assigned. At the start of each measurement, the examiners were blinded to the group allocation and dyads were asked not to disclose their group allocation.

Ethical aspects
---------------

The Medical Ethics Committee of the VU University Medical Center approved the study protocol (registration number 2008/320).

Study population
----------------

Via Alzheimer Cafes (easily accessible meetings for people with dementia, their caregivers, and others), case managers, flyers, advertisements in newspapers, and the Internet 146 persons with dementia and their caregivers were recruited between November 2008 and June 2012 throughout the Netherlands.

Inclusion criteria for people with dementia were a diagnosis of dementia made by a physician (for instance a general practitioner, psychiatrist, geriatrician or a neurologist), minimum age 55 years, and living at home with a caregiver willing to participate in the training sessions. Exclusion criteria were the use of antidepressants, the presence of psychotic symptoms, Mini Mental State Examination (MMSE) score \<14, and receiving more than 2 days respite care in a day care facility.

Family caregivers were defined as spouses or adult relatives who live with or spend a minimum of 4 hours every day with the person with dementia. Caregivers needed to have at least some depressive symptoms (Centre for Epidemiologic Studies-Depression score \>5) to be included in the study. Caregivers were excluded in the case of physical disorders that hamper assistance with the exercises, presence of psychotic symptoms, and use of antidepressants.

Intervention
------------

The intervention was largely based on an intervention of Teri et al which combined a physical exercise program (30 minutes of daily moderate-to-high-intensity exercise) for people with dementia with teaching caregivers how to manage behavioral problems (Activating events Beliefs Consequences \[ABC\] training) and to identify pleasant activities.[@b11-cia-11-383],[@b19-cia-11-383],[@b20-cia-11-383] After a pilot study, using a translated version of the Teri et al intervention, we made changes to the original intervention components and duration (eight instead of the original 12 sessions) to adapt the intervention to the Dutch care situation.[@b16-cia-11-383] Because the evaluation of the pilot study showed that a proper execution of the intervention took more than 1 hour, we decided to concentrate on physical exercise, education, and pleasant activities training and to omit the time-consuming ABC training. This choice was further motivated by the fact that cognitive reframing (based on the ABC theory) has already been shown to be effective, whereas the effectiveness of physical exercise and pleasant activities training for people with dementia and their caregivers in the community is less well-studied.[@b21-cia-11-383] We decided to pay much more attention to the pleasant activity training with the underlying idea that physical activity could also be a pleasant activity: we performed the pleasant activity training in several sessions (session 3--8) instead of one session, and we taught caregivers not only to plan pleasant activities for people with dementia (planned together with the person with dementia as much as possible), but also for caregivers themselves and together with the person with dementia present).

In the final adapted intervention, dyads allocated to the intervention group received a multicomponent dyadic intervention consisting of physical exercise training, psycho-education, communication skills training, and pleasant activities training. A personal coach who visited the dyads in their own homes for eight 1-hour-long sessions during 3 months delivered this multicomponent dyadic intervention. During the first month, the coach visited the dyads weekly followed by biweekly sessions over the next 8 weeks. During the physical exercise training, four types of exercises (flexibility, strengthening, balance, and endurance) were gradually taught and practiced with the intention to motivate dyads to complete 30 minutes of active exercise at least 3 days a week. Each exercise training session started with careful stretching serving as "warm-up" for the other exercises, and increasing participants' awareness of their muscles. All exercises focused on ease, availability, and pleasantness.[@b22-cia-11-383]

The goal of psycho-education was to educate the dyad about dementia and its impact on the person with dementia and caregiver, and how to deal with it. In the communication skills training, the coach discussed techniques for facilitating dyad's communication. Pleasant activities training stimulated the planning of pleasant activities in daily life for both individual members of the dyad and for them together as a dyad to reduce psychological distress. Alongside the instruction visits, all dyads received a user manual with pictures of the exercises and easy-to-read instructions including session-specific worksheets with specific information and psycho-education for each visit.

Comparison group with minimal intervention
------------------------------------------

Participants who were assigned to the comparison group received a minimal intervention in addition to usual care. The minimal intervention consisted of written information monthly bulletins sent to the dyads with general information about dementia such as information about driving a car and general health (three in total), and monthly phone calls from one of the coaches (three in total). The goal of the maximal 10 minute-phone call was emotional support by listening.

Measures
--------

### Baseline variables

To collect general and demographic information, questions were asked concerning age, sex, birth date, education, dementia type, comorbidity, medication use, cognitive functioning, and the client-caregiver relationship. The education level was determined by a seven-point scale varying from less than elementary school (0) to technical college and university (6).[@b23-cia-11-383] In people with dementia, the global level of cognitive functioning was determined using the Dutch version of the MMSE and the Global Deterioration Scale (GDS) to clinically distinguish between the global stages from normality to severe dementia.[@b24-cia-11-383]--[@b26-cia-11-383] Medication use was coded according to the Anatomical Therapeutic Chemical Classification System, an international standard for drug utilization studies. Comorbid conditions were ascertained from the caregiver and categorized according to the main categories based on the International Statistical Classification of Diseases. Furthermore, the status of apolipoprotein ε4 allele (APOE-ε4) was determined as a baseline variable. APOE-ε4 carriers show an increased risk of cognitive decline and, thereby, may show a greater response to physical activity than non-carriers.[@b27-cia-11-383],[@b28-cia-11-383] To control for the possible influence of APOE-ε4 on the treatment effects, we analyzed APOE-ε4. Buccal swabs were taken by using Catch-all collection swabs (Epicentre, Madison, WI, USA) and DNA was isolated from the swab.[@b29-cia-11-383] ApoE genotype was indicated as APOE-ε4 present or absent.

### Primary outcomes

We mainly used the same scales as used by Teri et al[@b11-cia-11-383] to enable a comparison of the results of both studies. In line with Teri et al[@b11-cia-11-383] physical health was measured by two subscales (physical functioning and physical role functioning) of the Medical Outcome Study 36-item Short-Form Health Survey (SF-36) and three subscales (mobility range and mobility control) from the Sickness Impact Profile (SIP).[@b30-cia-11-383]--[@b33-cia-11-383] In addition to Teri et al,[@b11-cia-11-383] we measured depression using clients' self-report with the Geriatric Depression Scale 15 (GDS-15) in addition to two observation scales: the Cornell Scale for Depression in Dementia (Cornell) and the Depression Rating Scale (DRS) of the Resident Assessment Instrument Home Care (RAI-HC) (DRS-RAI-HC).[@b34-cia-11-383]--[@b40-cia-11-383]

To measure the level of depression of people with dementia, the caregiver together with the interviewer completed the Dutch version of the 19-item Cornell.[@b36-cia-11-383],[@b37-cia-11-383] The scale has 19 items that are based on the week prior to the assessment and each item is rated for severity on a scale of 0--2 (0= absent, 1= mild or intermittent, 2= severe). The range of the total score is 0--38. Higher scores are associated with more depressive symptoms. The scale has high inter-rater reliability and the Cronbach's alfa is 0.77 in this study.

To identify depressive symptoms, the DRS-RAI-HC was used.[@b38-cia-11-383]--[@b40-cia-11-383] The DRS is an observational scale consisting of seven items that can be answered on a 3-point Likert scale, which varies from 0 (indicator not exhibited), 1 (indicator of this type exhibited at least once in the last 30 days and up to 5 days a week) or 2 (indicator exhibited daily or almost daily). The scores range from 0 to 14, with higher scores indicating more depressive symptoms. The mood-items of the DRS-RAI-HC have good inter-rater reliability and the Cronbach's alfa is 0.83 in this study.

The GDS-15 was used as a self-report measure for depression.[@b34-cia-11-383],[@b35-cia-11-383] It comprises 15 questions about how the person with dementia has felt over the past week. Items require "yes/no" answers and the score range of the GDS-15 is 0 to 15 points, with higher scores indicating more depressive symptomatology. The Cronbach's alfa is 0.21 in this study. In the present study, the GDS-15 was administered to people with dementia with an MMSE-score of ≥15 points in order to assess the depressive symptoms reliably.

The SF-36 was used to measure physical health.[@b30-cia-11-383],[@b31-cia-11-383] The caregiver completed this instrument. In this study, we used two of eight subscales: physical function (ten items) and physical role functioning (four items). Higher SF-36 scores indicated better health functioning. The two subscales have high internal consistency (Cronbach's alpha 0.92 for physical function and alpha 0.85 for physical role functioning in this study).

The SIP was used to measure physical health.[@b32-cia-11-383],[@b33-cia-11-383] The caregiver completed this instrument. In this study, we used two subscales: mobility range (ten items) and mobility control (12 items). Higher SIP scores indicated worse functioning. For both the mobility range and mobility control subscales the Cronbach's alpha is 0.77 in this study.

### Secondary outcomes

The Dutch version of the Revised Memory and Behavior Problem Checklist (RMBPC) was used to assess the level of behavioral disturbance of the person with dementia.[@b41-cia-11-383],[@b42-cia-11-383] This is a 25-item self-assessment questionnaire caregiver-report measure of observable behavioral problems in people with dementia (frequency scale). Caregivers were asked to rate the frequency of each problem on a 0 (never) to 4 (daily or more) 5-point Likert scale, with a higher score indicating the occurrence of a greater number of behavioral problems. The RMBPC is considered a reliable and valid tool for the empirical assessment of behavioral problems. The Cronbach's alfa is 0.84 in this study.

Data analysis
-------------

All the data were analyzed using SPSS Statistics 20 (IBM Corporation, Armonk, NY, USA). Firstly, descriptive statistics were calculated for participants in the intervention and comparison group and all the (outcome) variables were analyzed for differences between comparison and intervention group by means of independent-sample Student's *t*-tests for continuous variables and *χ*^2^ tests for categorical variables. Secondly, the baseline characteristics of dropouts and completers were compared using independent-sample *t*-tests and *χ*^2^ tests.

Thirdly, the effectiveness of the intervention on all outcomes was evaluated between the two groups by using generalized estimating equations (GEE).[@b43-cia-11-383]--[@b47-cia-11-383] GEE are comparable with linear regression analysis with a correction for the dependency of the individual observations over time. For all GEE analyses, an exchangeable correlation matrix was used and all analyses were adjusted for the baseline value of the outcome. Characteristics of the people with dementia (age, sex, dementia type, day care, education level, GDS score, APOE-ε4, baseline values for MMSE, comorbidity, and polypharmacy use) were identified a priori as potential covariates. We conducted a crude and an adjusted analysis to examine the effects over time. The crude analyses determined the effect of the intervention over time while controlling for the baseline values. The adjusted analyses determined the intervention effect over time while the covariates were added to the model. To evaluate the influence of the covariates on the intervention effect, effect modification was assessed by constructing interaction terms between the group and all covariates. In both GEE crude and adjusted analyses, firstly an overall intervention effect was estimated and secondly the intervention effect at 3 and 6 months follow-up. Furthermore, at all stages of data analysis, intention to treat (ITT) analyses were performed, including all participants as originally allocated after randomization. The logarithms of Cornell and DRS-RAI-HC were used, because of skewed data.

In addition to ITT analysis, homework-compliance analyses were performed. First, we performed the analysis only for dyads with full intervention compliance according to the per protocol principle. Only dyads who completed the entire intervention according to the protocol are counted toward the final results (completed 6--8 sessions, completed 30 minutes active exercise at least 3 days a week, and implemented pleasant activities in daily life for both the person with dementia and caregiver for at least 6 weeks according to protocol). Second, we performed the analysis for dyads with full compliance for exercise homework but not necessarily for full implementation of pleasant events in their daily life (completed 6--8 sessions and 30 minutes of active exercise for at least 3 days a week). Finally, we evaluated the outcomes of dyads with full compliance for planning pleasant activities only (implemented pleasant activities in daily life for both the person with dementia and the caregiver for at least 2 weeks). All dyads included in all the three compliance analyses completed a minimum of six of the eight home visits. For this additional compliance analysis, GEE were also used.

Results
=======

Enrollment and dropouts
-----------------------

[Figure 1](#f1-cia-11-383){ref-type="fig"} shows the participant flow. To detect an effect size of *d* \>0.40 between the intervention and comparison groups with *α*=0.05 and *β*=0.80, 78 dyads in each group would have been needed, 156 dyads in total (100%). Of the 146 dyads recruited for this study, in total 111 dyads fulfilled the inclusion criteria and were randomized to the intervention group (n=57) or comparison group (n=54) ([Figure 1](#f1-cia-11-383){ref-type="fig"}). In total, 98 (88%) people with dementia completed post-measurement and 85 (77%) people with dementia completed 6-month follow-up measurement. During the first 3 months, five people with dementia dropped out in the experimental group and eight in the comparison group. After 6 months, seven people with dementia dropped out in the experimental group and four in the comparison group. The reasons for dropping out were health problems, burden, death of the person with dementia, nursing home placement, and hospitalization. We found one significant result between people with dementia "dropouts" and people with dementia "completers". Compared to completers, dropouts had a significantly lower physical role functioning as measured with the SF-36.

Sample characteristics
----------------------

At baseline, people with dementia were primarily male spouses (63%) with dementia of the Alzheimer type (70%). As shown in [Table 1](#t1-cia-11-383){ref-type="table"}, the age ranged from 57 to 90 years (mean =77; standard deviation SD =7.458), mean MMSE score was 21 (SD =5.191) and the mean Global Deterioration Score was 4.5 (SD =0.619). Their caregivers were primarily female spouses (72%) with an age range from 35 to 92 years (mean \[M\] =72, SD =10.09). Their mean Epidemiologic Studies-Depression score at baseline was 10.93 (SD =7.70). No significant differences were found between the comparison and the intervention group at baseline in any of the sample characteristics and primary and secondary outcomes in persons with dementia or caregivers. Mean scores and SDs for both primary and secondary outcomes at different assessment points are presented in [Table 2](#t2-cia-11-383){ref-type="table"}.

ITT analysis
------------

As shown in [Table 3](#t3-cia-11-383){ref-type="table"}, GEE analysis among 111 dyads revealed no benefits of the multicomponent dyadic intervention on any of the outcomes. However, two significant results in favor of the comparison group were found in both crude and adjusted analysis. For DRS-RAI-HC we found a significant overall treatment effect (directed by a post-treatment effect) over time between the intervention and comparison group (*P*\<0.05) with higher depression scores for the intervention group. Furthermore, for the RMBPC, we found a significant overall effect over time between the intervention and comparison group (*P*\<0.05) with higher scores (more behavioral problems) for the intervention group. After adjusting for people with dementia characteristics, no significant changes were found.

Compliance analyses
-------------------

As shown in [Table 4](#t4-cia-11-383){ref-type="table"}, in the intervention group 44 dyads (77.2%) completed all eight home visits. Five dyads (8.8%) did not start with the home visits because of death or nursing home placement of the person with dementia. In the intervention group, 23 dyads (40.4%) continued to exercise at home according to protocol (exercise compliance), and 18 dyads (31.6%) continued to plan pleasant activities according to protocol (pleasant activities compliance) after visits by their coach. Nine dyads were fully compliant with the intervention (\[15.8%\] completed eight home visits, exercised three times a week, and planned pleasant activities according to protocol: so-called "per protocol analysis"). In total, three compliance analyses were carried out (full compliance \[= per protocol analysis\], exercise compliance, and pleasant activities compliance analysis): results from all three compliance analyses showed no benefits of the dyadic multicomponent intervention on any of the outcome measures of mood, behavior, and physical health in people with dementia assigned to the intervention group.

Discussion
==========

In this RCT, we studied the effects of a multicomponent dyadic intervention study aimed at decreasing problems with the mood, behavior, and physical health of community dwelling people with dementia. The multicomponent intervention consisted of physical exercise training, psycho-education, communication skills training, and pleasant activities training. People with dementia were primarily male and diagnosed with Alzheimer's disease. Their family caregivers were primarily female spouses. ITT GEE analyses showed no effects of the multicomponent dyadic intervention on the primary and secondary outcomes of people with dementia.

Many requirements for a high quality RCT were met.[@b16-cia-11-383] Randomization succeeded in showing that both groups were similar at baseline, and the dropout rates were reasonable for this vulnerable target group (\<30%).[@b48-cia-11-383] For people with dementia, the dropout rate in the study of Teri et al[@b11-cia-11-383] was similar at post-measurement. Evaluation of the data acquisition showed a careful collection of data with almost no missing data in the primary outcomes. Nevertheless, we did not find any beneficial impact of the intervention on any of the outcomes, including mood, behavior, and physical health; depression levels and behavioral problems even significantly increased in the active intervention group. A recent Cochrane review also revealed no evidence of benefit from exercise on depression, and furthermore, no effects on neuropsychiatric symptoms or cognition in people with dementia.[@b49-cia-11-383] Although, another recent review established that exercise training reduces depression levels in people with dementia, however, the effect of exercise on depression was small and its clinical relevance is unclear.[@b50-cia-11-383]

The negative results in this study compared to the study of Teri et al[@b11-cia-11-383] might be explained by the translation, adaptation, and shortening of the intervention used in the US, and a different social context in both countries. In our adjusted and elaborated version of the intervention of Teri et al,[@b11-cia-11-383] we decided to concentrate on physical exercise, education, and a more expanded version of the pleasant activities training and to omit the time consuming ABC training. It is possible that cognitive reframing (based on ABC theory) was the active intervention component causing significant results in the study by Teri et al.[@b11-cia-11-383] Furthermore, our intervention consisted of eight home-based instruction sessions (instead of 12 instruction sessions in the study of Teri et al)[@b11-cia-11-383] in order to reduce the burden of a perceived lack of leisure time among the dyads who participated in our pilot study receiving the translated original intervention of Teri et al, and to comply with the Dutch health insurance regulations at the time of this study. Eight sessions was the maximum number of sessions that could be reimbursed at that time. Nevertheless, to help scientific design, we recommend that authors who are translating and adapting a comparable effective study for another region, adapt translation to local clinical practice and usual care in that specific region. Another explanation concerns the heterogeneous sample in terms of the subtype and severity of the disease and fitness in the present study. Teri et al[@b11-cia-11-383] included only people with Alzheimer's disease in their study, according to the National Institute of Neurological and Communicative Diseases and Related Disorders Association criteria for probable or possible Alzheimer's disease.[@b51-cia-11-383] A future consideration may be that studies should include a more homogeneous sample, but the authors of future studies should also be aware of the disadvantage of a more homogeneous sample: namely, much less generalizability of the study results.[@b52-cia-11-383] A final explanation of the difference in the results between the present study and Teri et al might be that compared with completers, dropouts had significantly lower SF-36 physical role functioning scores. A consequence might be that completers were "healthier", which may have resulted in less room for improvement. In Teri et al there were no significant demographic differences between those who completed the assessment at 3 months and those who did not.[@b11-cia-11-383]

In addition, the negative results might be explained by a lack of room for improvement, and by experiencing the intervention as too much of a burden. In the Netherlands, for people with dementia living in the community, it is common to receive respite care in a day care facility for 1 or more days, where they participate in staffed activities such as music and exercise program. In our sample, half of the people with dementia received 1 or more days respite care in a day care facility. In addition to usual care, we examined the effectiveness of this intensive intervention. This could have hampered measuring the possible intervention effects in the case of improvement. In future studies, the impact of usual care provided in a specific country needs to be taken into account when the effectiveness of an intervention is being studied.[@b16-cia-11-383] In addition, dyads experienced the intervention as too confrontational. It could be that the multicomponent dyadic intervention raised awareness of the physical and mental capacities in persons with dementia. A few caregivers mentioned that doing physical exercises confronted the person with dementia with their inabilities, and some persons with dementia indicated that strengthening and balance exercises were too difficult. This might have hampered an improvement by the intervention in the intervention group and may even have caused increased depression and behavioral problem scores in people with dementia. In caregiver outcomes, we found comparable results: depression scores of caregivers appeared to rise over time in the intervention group, and caregiver health significantly improved in the comparison group.[@b18-cia-11-383] Furthermore, the physical exercise component was the most important named reason to participate in the study. The consequence was that we recruited already active dyads (almost 80% of the people with dementia were active alongside the intervention), which may have resulted in less room for improvement.[@b18-cia-11-383]

Another explanation for the negative results might be that improving physical health might be only effective if the physical exercises are of moderate-to-high intensity, because physical exercise is correlated with brain volume, indicating a dose-response relationship.[@b53-cia-11-383]--[@b55-cia-11-383] The authors of a review studying the effects of physical activity on physical functioning and activities of daily life performance in elderly with dementia, found the largest improvements in interventions with the largest training volume: interventions with a duration of a minimum of 12 weeks, a frequency of three times a week, with 45--60-minute sessions.[@b56-cia-11-383] According to protocol, the goal of the present exercise component was to motivate dyads to complete active exercise at least 3 days a week during a minimum of 12 weeks. This duration (minimum of 12 weeks) and frequency (three times a week) is in accordance with Blankevoort et al. However, the "intensity" of exercise is not. Blankevoort et al advised to practice aerobic exercises for more than 45 minutes per session.[@b56-cia-11-383] However, there is still a lot to be said on the dosage (frequency, intensity, and duration) needed to elicit effects of exercise in people with dementia.[@b57-cia-11-383]

In addition, during the 1-hour home visits, there was not enough time to practice intensive aerobic exercises like walking; of course the coaches stimulated aerobic exercises with the goal of increasing the time dyads walk by at least 20 minutes every day according to protocol. However, in terms of compliance, exercise homework was not performed as frequently as prescribed according to protocol in the present study: 68% of the dyads attempted their exercise homework (persons with dementia together with their caregiver completing 30 minutes of active exercise at least 3 days a week). Exercise treatment compliance in Teri et al[@b11-cia-11-383] showed that 91% of the dyads randomized to the intervention group attempted their exercise homework. In Teri et al,[@b11-cia-11-383] only 9% of the intervention group dyads did not complete any exercise homework in contrast to 32% of the dyads in our present study. Some caregivers indicated that following all the intervention components, including homework was too time consuming because of the time and energy needed to be invested, and too much of a burden, which affected homework adherence.[@b16-cia-11-383] Feelings of burden among people with dementia due to the exercises might have been an important reason for not finding an improvement in mood, behavior, and physical health outcomes, even in participants with the highest level of adherence. More research is necessary to determine the right dose-response relationship between exercise and physical and mental health in people with dementia, and to identify barriers and facilitators to improving adherence.

In addition, for caregivers, it was difficult to motivate the person with dementia to exercise outside the home visits of the coach. Some caregivers indicated that remarks of the coach had more influence on the person with dementia than their own remarks in the absence of the coach, and that doing exercises confronted the person with dementia with diminished capacity resulting in demotivation.[@b16-cia-11-383] Motivation might be diminished in people with dementia regardless of their sex. Furthermore, we know that if exercise is not enjoyable it will not be sustained.[@b22-cia-11-383] To enhance the motivation for participation in the exercises, we tried to make the exercises extra attractive by the use of attributes like a ball and elastic and the use of music. In some cases, we did a little dancing in-between the exercises. For some people with dementia, and about half of the caregivers, the exercises with the ball they liked most, whereas other physical exercises were practiced less, or not practiced at all.[@b16-cia-11-383] Specific preferences of the persons with dementia may affectadherence to homework. Therefore, physical exercises should be tailored in accordance with participants' preferences and needs.[@b58-cia-11-383] For future research the question arises how motivation in people with dementia can be enhanced, and also how to engineer and adapt exercises to fit with physical comorbidities, their personal situation, and needs and preferences. A recent systematic review presented different ways of modifying activities to enhance engagement in physical activities. One way presented to increase engagement is to match exercises to activities that are meaningful for the person with dementia.[@b59-cia-11-383]

Some considerations concerning the study design need to be addressed. According to power calculation, the sample size was smaller than intended. In spite of tireless efforts, this was due to the difficulty in reaching participants. In the field of geriatric research, the present sample size is still reasonable.[@b60-cia-11-383] However, even with a much larger sample, we would not have been able to show benefits for the intervention group with differences in outcome found for both caregiver and people with dementia. In addition, the recruitment of participants for this study has generated a self-selected group of dyads who wanted "to stay active". For more than half of the dyads this was the most important reason to participate in the study. Since they were already active before joining the study, this might have resulted in a ceiling effect. Furthermore, injuries from adverse events or other temporary illnesses of the participants were not registered. Some participants and coaches mentioned that injuries or illness hampered the participants from executing the exercises at the prescribed intensity and appropriateness according to the protocol. Another consideration is that the study trial was not completely double-blind. Examiners were blinded to the group allocation and dyads were asked not to disclose their group allocation, although, in practice, group allocation became clear to most of the examiners. However, this had not positively skewed the results. Finally, we decided to exclude the GDS-15 from analysis because of a very low Cronbach's alfa indicating low scale reliability: Cronbach's alfa is 0.21 in this study. Although the GDS-15 has been used in older people with dementia, some researchers have argued that it may not be the best way to assess symptoms of depression in dementia.[@b61-cia-11-383] Related to this issue, assessing the symptoms of depression in older people with dementia is difficult because of the overlap of symptoms of depression and dementia, such as difficulty concentrating and apathy.[@b62-cia-11-383] We have taken this into account during the design of the study: we measured depressive symptoms from different perspectives with subjective and more objective measures to create a complete overview of mood in people with dementia. Depressive symptoms of people with dementia were not only measured by clients' self-report (GDS-15), but also by caregivers' and clinical examiners' observation (Cornell and MDS-DRS-RAI-HC respectively, which are specifically designed for this particular population).

The primary outcomes for people with dementia were physical health, physical function, and mood. We hypothesized that people with dementia receiving the intervention would improve in these areas. Although no quantitative significant results were found on the primary outcomes, people with dementia participating in the intervention often commented positively about the pleasure they experienced and support they received. In additional qualitative research, people with dementia indicated, with regard to the physical exercise component, that they experienced pleasure, better mood, more self-esteem, increased awareness of the importance of exercise, and improvement in the quality of the relationship with their caregiver.[@b16-cia-11-383] These perceived benefits contrast with the lack of effectiveness of the intervention on used outcome measures. This highlights the need for measuring these specific outcomes to measure effectiveness of multicomponent dyadic interventions. We suppose that the working mechanism of the present multicomponent dyadic intervention, including physical exercise training supplemented with "duo" exercises for the person with dementia and the caregiver together, and a more expanded version of the pleasant activities training for both the person with dementia and the caregiver, is more directed at a better relationship and quality of life instead of primarily decreasing depression. For this reason, outcomes like relationship quality, pleasure, and self-esteem are more direct outcomes to measure the supposed effects of the present intervention. If these outcomes were quantitatively aligned to the intervention and assessed, the intervention might have resulted in changes on these variables and the intervention would have been quantitatively effective. For future research we recommend measuring these "experienced, positive" outcomes such as relationship quality with quantitative instruments alongside measuring negative feelings.

In conclusion, this high quality RCT showed no benefits of a multicomponent dyadic intervention comprised of physical exercise training, psycho-education, communication skills training, and pleasant activities training on mood, behavior, and physical health of community dwelling people with dementia. The negative results in this study compared to the study of Teri et al[@b11-cia-11-383] might be mainly explained by the translation, adaptation, and shortening of the intervention used in the US, and by a different social context in both countries. Dyads experienced the intervention as too much of a burden: outside the intervention, people with dementia received so much other health care (respite care and assistance of a case manager) and were already active. Furthermore, improving physical health might only be effective if the physical exercises are of moderate-to-high-intensity, and if physical exercises are tailored in accordance with participants' preferences and needs. In additional qualitative research, people with dementia participating in the intervention often commented positively about the pleasure they experienced and support they received. For future studies, it might be valuable to measure specific quality of life outcomes such as relationship quality, pleasure, and self-esteem in a dyadic focused intervention. All these aspects need to be taken into account, to improve future research on the effectiveness of home-based multicomponent dyadic interventions and to help people with dementia and their caregivers to continue their life at home.
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###### 

Baseline characteristics of people with dementia and their caregivers

                                                                 Total sample (N=111)   Intervention (N=57)   Comparison (N=54)   *P*-value (2-sided)
  -------------------------------------------------------------- ---------------------- --------------------- ------------------- ---------------------
  **People with dementia**                                                                                                        
  **Sex, n (%)**                                                                                                                  0.05
  Male                                                           70 (63.1)              31 (54.4)             39 (72.2)           
  Female                                                         41 (36.9)              26 (45.6)             15 (27.8)           
  **Dementia type, n (%)**                                                                                                        0.49
  Alzheimer's                                                    78 (70.3)              42 (73.7)             36 (66.7)           
  Vascular                                                       17 (15.3)              9 (15.8)              8 (14.8)            
  Other                                                          16 (14.4)              6 (10.5)              10 (18.5)           
  **APOE-ε4 carrier, n (%)**                                                                                                      1
  No                                                             53 (47.7)              27 (50)               26 (48.1)           
  Yes                                                            55 (49.5)              27 (50)               28 (51.9)           
  **Day care, n (%)**                                                                                                             0.66
  No                                                             57 (51.4)              29 (52.7)             28 (51.9)           
  1 day                                                          7 (6.3)                5 (9.1)               2 (3.7)             
  2 days                                                         45 (40.5)              21 (38.2)             24 (44.5)           
  **Physical activity level during youth (\<18 years), n (%)**                                                                    0.87
  No physical exercise                                           17 (15.6)              9 (15.8)              8 (15.4)            
  Physical exercise 1--2 times a week                            31 (28.4)              15 (26.3)             16 (30.8)           
  Physical exercise ≥3 times a week                              61 (56.0)              33 (57.9)             28 (53.8)           
  **Physical activity level 18--55 years, n (%)**                                                                                 0.54
  No physical exercise                                           17 (15.3)              11 (19.3)             6 (11.5)            
  Physical exercise 1--2 times a week                            34 (30.6)              17 (29.8)             17 (32.7)           
  Physical exercise ≥3 times a week                              58 (52.3)              29 (50.9)             29 (55.8)           
  **Physical activity level prior to trial, n (%)**                                                                               0.40
  No physical exercise                                           24 (21.6)              13 (23.6)             11 (20.8)           
  Physical exercise 1--2 times a week                            46 (41.4)              26 (47.3)             20 (37.7)           
  Physical exercise ≥3 times a week                              38 (34.2)              16 (29.1)             22 (41.5)           
  **Age (range 57--90)**, mean (SD)                              77 (7.5)               76 (7.6)              78 (7.2)            0.1
  **Education (range 0--6)**, mean (SD)                          4.01 (1.4)             3.91 (1.4)            4.11 (1.5)          0.47
  **Comorbidity (range 0--5)**, mean (SD)                        1.65 (1.3)             1.68 (1.2)            1.61 (1.3)          0.76
  **Polypharmacy use (range 0--9)**, mean (SD)                   2.78 (2.0)             2.74 (1.8)            2.83 (2.1)          0.80
  **MMSE**, mean (SD)                                            21 (5.2)               21 (4.9)              21 (5.6)            0.91
  **Global Deterioration Scale**, mean (SD)                      4.53 (0.6)             4.54 (0.6)            4.53 (0.6)          0.94
  **Geriatric Depression Scale**, mean (SD)                      2.95 (2.2)             3.03 (2.2)            2.86 (2.2)          0.73
  **Cornell**, mean (SD)                                         6.20 (4.6)             6.32 (4.2)            5.85 (5.1)          0.7
  **DRS-RAI-HC**, mean (SD)                                      2.43 (2.9)             2.74 (3.2)            2.09 (2.5)          0.25
  **SF-36 physical function**, mean (SD)                         60.72 (28.9)           58.77 (28.6)          64.58 (28.5)        0.31
  **SF-36 physical role function**, mean (SD)                    44.82 (41.4)           41.67 (41.0)          48.15 (42.0)        0.85
  **SIP mobility control**, mean (SD)                            24.77 (21.8)           26.67 (22.8)          22.22 (20.9)        0.29
  **SIP mobility range**, mean (SD)                              38.83 (25.8)           35.96 (23.7)          41.89 (27.9)        0.23
  **RMBPC**, mean (SD)                                           28.22 (10.4)           28.39 (10.1)          28.04 (10.7)        0.86
  **Caregivers**                                                                                                                  
  **Sex, n (%)**                                                                                                                  0.19
  Male                                                           31 (27.9)              19 (33.3)             12 (22.2)           
  Female                                                         80 (72.1)              38 (66.7)             42 (77.8)           
  **Relationship, n (%)**                                                                                                         0.39
  Spouse                                                         100 (90.1)             50 (87.7)             50 (92.6)           
  Child and Other                                                11 (9.9)               7 (12.3)              4 (7.4)             
  **Age (range 35--92)**, mean (SD)                              72 (10.1)              73 (9.9)              71 (10.31)          0.47
  **Education (range 0--6)**, mean (SD)                          4.08 (1.4)             4.32 (1.2)            3.83 (1.5)          0.07
  **CES-D**, mean (SD)                                           10.93 (7.7)            10.84 (6.9)           11.02 (8.6)         0.91

**Abbreviations:** SD, standard deviation; MMSE, Mini Mental State Examination; Cornell, Cornell Scale for Depression in Dementia; DRS-RAI-HC, Depression Rating Scale of the Resident Assessment Instrument Home Care; SF-36, Medical Outcome Study 36-item Short-Form Health Survey; SIP, Sickness Impact Profile; RMBPC, Revised Memory and Behavior Problem Checklist; CES-D, Centre for Epidemiologic Studies-Depression; APOE-ε4, apolipoprotein ε4 allele.

###### 

Means (M) and standard deviations (SD) of the outcome variables at T0, T1, and T2 in ITT analysis

                                 Intervention group (N=57)   Comparison group (N=54)                                                                           
  ------------------------------ --------------------------- ------------------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
  Cornell                        6.82                        4.46                      7.71    4.78    8.04    5.52    5.54    4.78    5.87    4.71    5.45    4.71
  DRS-RAI-HC                     2.74                        3.24                      3.38    3.39    3.49    3.84    2.09    2.54    1.76    2.56    1.91    2.47
  SF-36 physical function        58.51                       28.86                     55.09   27.78   53.56   30.44   63.06   29.05   59.69   29.74   55.81   32.31
  SF-36 physical role function   41.67                       41.01                     24.03   34.29   23.33   32.16   48.15   42.02   29.69   35.60   36.05   39.83
  SIP mobility control           27.19                       22.52                     32.05   24.77   31.48   24.61   22.22   20.92   28.19   25.03   30.62   25.70
  SIP mobility range             35.96                       23.74                     42.88   29.33   49.33   29.34   41.85   27.61   43.40   28.99   48.60   27.82
  RMBPC total                    28.39                       10.12                     30.87   12.54   33.49   11.87   28.04   10.71   26.32   10.01   27.36   10.89

**Abbreviations:** Cornell, Cornell Scale for Depression in Dementia; DRS-RAI-HC, Depression Rating Scale of the Resident Assessment Instrument Home Care; SF-36, Medical Outcome Study 36-item Short-Form Health Survey; SIP, Sickness Impact Profile; RMBPC, Revised Memory and Behavior Problem Checklist; ITT, intention to treat; T0, baseline; T1, post-measurement; T2, 6 month follow-up.

###### 

Intention to treat GEE intervention effects at baseline, 3, and 6 months on Cornell, DRS-RAI-HC, SIP subscales, SF-36 subscales, and RMBPC

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
  GEE analysis -- intention to treat[\*](#tfn3-cia-11-383){ref-type="table-fn"}\                                                                    
  N=111 dyads (57 intervention group/54 comparison group)                                                                                           
  -------------------------------------------------------------------------------- --------- ---------------------- -------- ---------------------- --------
  Cornell                                                                          Overall   0.19 (−0.06--0.43)     0.13     0.17 (−0.06--0.40)     0.15

                                                                                   T1        0.17 (−0.11--0.46)     0.23     0.17 (−0.07--0.40)     0.16

                                                                                   T2        0.20 (−0.07--0.47)     0.14     0.18 (−0.05--0.41)     0.13

  DRS-RAI-HC                                                                       Overall   0.29 (0.11--0.46)      0.02     0.31 (0.14--0.48)      \<0.00

                                                                                   T1        0.34 (0.12--0.56)      \<0.00   0.31 (0.13--0.48)      \<0.00

                                                                                   T2        0.22 (−0.00--0.45)     0.05     0.32 (0.14--0.49)      \<0.00

  SF-36                                                                            Overall   0.78 (−5.23--6.79)     0.80     2.24 (−3.40--7.87)     0.44

  Physical function                                                                T1        −0.49 (−6.69--5.71)    0.88     2.30 (−3.33--7.93)     0.42

                                                                                   T2        2.24 (−6.23--10.72)    0.60     2.19 (−3.45--7.83)     0.45

  SF-36                                                                            Overall   −5.20 (−15.41--5.01)   0.32     −1.04 (−10.49--8.41)   0.83

  Physical role function                                                           T1        −2.86 (−14.88--9.16)   0.64     −1.17 (−10.60--8.23)   0.81

                                                                                   T2        −7.89 (−21.44--5.66)   0.25     −1.52 (−10.91--7.87)   0.75

  SIP                                                                              Overall   −2.10 (−7.69--3.50)    0.46     −0.62 (−8.10--3.09)    0.38

  Mobility control                                                                 T1        −0.60 (−7.43--6.23)    0.86     −0.48 (−5.77--4.81)    0.86

                                                                                   T2        −3.81 (−9.86--2.24)    0.22     −0.62 (−5.92--4.68)    0.82

  SIP                                                                              Overall   4.57 (−2.98--12.12)    0.24     2.98 (−4.68--10.64)    0.45

  Mobility range                                                                   T1        4.41 (−4.63--13.46)    0.34     3.09 (−4.57--10.74)    0.43

                                                                                   T2        5.07 (−3.14--13.28)    0.23     3.25 (−4.39--10.89)    0.40

  RMBPC                                                                            Overall   4.28 (1.99--6.57)      \<0.00   3.72 (1.13--6.31)      0.01

                                                                                   T1        3.77 (1.32--6.23)      \<0.00   3.75 (1.16--6.34)      0.01

                                                                                   T2        4.94 (2.12--7.77)      \<0.00   3.82 (1.25--6.39)      \<0.00
  ----------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Adjusted for baseline outcome; reference group is comparison group at all measurements; crude model: adjusted for baseline value of outcome measure; adjusted model: model further additionally adjusted for age, sex, education level, dementia type, APOE-ε4, day care, Global Deterioration Scale score at T0, MMSE score at T0, comorbidity and, polypharmacy use; β= regression coefficient. Because of skewed data we used logarithms of Cornell and DRS-RAI-HC; T1: post-measurement; T2: 6 month follow-up.

**Abbreviations:** GEE, generalized estimating equations; Cornell, Cornell Scale for Depression in Dementia; DRS-RAI-HC, Depression Rating Scale of the Resident Assessment Instrument Home Care; SF-36, Medical Outcome Study 36-item Short-Form Health Survey; SIP, Sickness Impact Profile; RMBPC, Revised Memory and Behavior Problem Checklist; CI, confidence interval; MMSE, Mini Mental State Examination; APOE-ε4, apolipoprotein ε4 allele.

###### 

Compliance to homework (exercise and pleasant activities planning) and completion of home visits of dyads assigned to intervention group (N=57)

  Homework and home visits compliance (N=57)                                                                                          n (%)
  ----------------------------------------------------------------------------------------------------------------------------------- -----------
  **Home visits compliance (eight home visits)**                                                                                      
  Completed: 6--8 home visits                                                                                                         44 (77.2)
  Partly completed: \<6 home visits                                                                                                   8 (14)
  Not started with intervention: no home visits                                                                                       5 (8.8)
  **Homework exercise compliance (three times a week)**                                                                               
  Exercise three or more times a week                                                                                                 23 (40.4)
  1--2 times weekly exercise                                                                                                          16 (28.1)
  0 weekly exercise (intervention \[partly\] received)                                                                                18 (31.6)
  **Planning pleasant activities compliance (without assistance from coach during at least 6 weeks)**                                 
  Planned pleasant activities according to protocol: \>6 weeks                                                                        18 (31.6)
  Partly planned pleasant activities: 1--6 weeks                                                                                      9 (15.8)
  No pleasurable activities planned (intervention \[partly\] received)                                                                25 (43.9)
  No pleasurable activities planned (not started with intervention)                                                                   5 (8.8)
  **Combined homework and home visits compliance**                                                                                    
  Fully compliant according to protocol: completed eight home visits, exercised three times a week, and planned pleasant activities   9 (15.8)
  Moderate compliance                                                                                                                 43 (75.4)
  Not started with intervention                                                                                                       5 (8.8)
